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Abstract 
Solar photovoltaic technology is a major form of renewable energy and is gaining worldwide interest due to rising 
energy demands and concerns of environmental effects. Kuwait is located on latitude of 29.220N and enjoys high 
solar radiation in most parts of the year (7.65 kWh/m2.day). However, Kuwait suffers from dust and sand storms due 
to its very little vegetation, dryness, weightless-textured surface soil and frequent unstable strong air currents. This 
work investigates the performance of solar PV panel based on HIT silicon cells under Kuwait environment and 
assesses the effect of cooling in reducing the impact of dust on the PV power output. Measurements showed that dust 
reduces the power output by 16% at midday. This effect can be partially compensated through cooling the PV panel. 
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1. Introduction 
Kuwait is located on latitude of 29.220N and enjoys high solar radiation in most parts of the year (7.65 
KWh/m2.day). However, Kuwait suffers from dust and sand storms due to its very little vegetation, 
dryness, weightless-textured surface soil and frequent unstable strong air currents [1]. The deposition of 
aerial dust on PV modules reduces their transmittance and cause a reduction in their power output and 
conversion efficiency [2-3]. This work experimentally investigates the performance of solar PV panel 
under Kuwait environment and numerically simulates the effect of cooling in reducing the impact of dust 
on the PV power output. Measurement of voltage, current, temperature and in plain solar radiation for 
clean and dusty solar panels was carried out with time on a daily basis over a period of one year. The solar 
panel used is made of HIT solar cells and has overall dimensions of 1580mmx798mm. Throughout this 
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period of measurement no planned cleaning procedure was applied. Figure 1 shows the daily measured 
current, voltage, radiation and temperatures for clean and dusty solar PV panels for the 18th of July 2013. 
It can be seen that the dusty panel produces lower current than the clean one by up to 1Amps at midday. 
However, the clean panel produced slightly lower voltage (average of 2Volts) than the dusty one and 
showed higher temperature values. This resulted in reducing the power output from 180W to 150W at 
noon due to dust. This work investigates the use of cooling to minimize the impact of dust.  
2. Electrical and Thermal Modelling 
In order to assess the effect of temperature and dust on the panel performance, the clean HIT cell was 
modelled using the single diode solar cell circuit model [4]. Equations 1-3 describe the relationship 
between major parameters like output current, voltage, input radiation and temperature [4].  
 
                                                      (1) 
 
where, I and V are the PV array or cell output current and voltage, q is the charge of an electron, k is the 
boltzman’s constant, T is the cell temperature, and A is the ideality factor of pn junction which 
determines the cell deviation from the ideal pn junction characteristic and it ranges from 1 to 5 where 1 is 
being the ideal value. Id, the cell reverse saturation current, varies with temperature according to the 
following equation: 
 
                                                 (2) 
 
where, Tc is the cell reference temperature (298.15K), Ic is the reverse saturation current at Tc, and Eg is 
the band gap energy of the semiconductor used in the cell. Iph the photo current relies on the solar 
radiation as well as the cell temperature as following: 
 
                                                       (3) 
 
where,  Iscr is the short circuit current at reference temperature and radiation, Ki is the short circuit current 
temperature coefficient, and S is the solar irradiation in mW/cm2. Figure 2 shows the measured IV curves 
compared to the predicted ones at hours 9am, 12 noon and 15pm. It is clear from this figure that the 
model predictions were in close agreements with the measured ones. Using the dusty panel measured 
data, the validated model was used to predict the loss in radiation due to dust and investigate the effect of 
cooling on improving the power output of the dusty panel. Figure 3 shows the effect of decreasing the PV 
panel temperature on increasing the power output of the dusty panel throughout the day. It can be shown 
that an average of 2W/oC can be achieved during the noon time. Therefore a cooling system need to be 
investigated that can reduce the temperature of the dusty panels and partially offset the loss in PV power 
output. COMSOL multi-physics software was used to simulate the heat transfer process between the PV 
panel and the cooling system consisting of an array of rectangular channels with cross section of 100mm 
x2mm. The simulations were carried out to predict the average temperature of the PV cell at various 
water velocities ranging from 0.1mm/s to 5mm/s and different cooling water inlet temperatures (25oC to 
49oC). Figure 4 shows that using cooling water with inlet temperature (T_in) of 40oC or lower the PV cell 
can be cooled by more than 20K. Therefore, it can be concluded that cooling of dusty PV panels can 
partially reduce the impact of the dust and improve the power output. 
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Fig. 1. (a) Radiation, (b) temperature, (c) voltage and (d) current for clean and dusty PV panel 
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Fig. 2. Predicted and measured current versus voltage curves for clean PV panel 
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Fig. 3. Effect of temperature on power output of a dusty PV 
panel. 
 
Fig. 4. Effect of cooling water velocity on panel temperature 
 
3. Conclusions 
Kuwait enjoys high solar radiation of 7.65 kWh/m2.day but suffers from dust storms that impact on the 
power output of solar PV panels. Experimental measurements for HIT PV panel has shown that the 
accumulated dust over a period of 12 months can lead to maximum loss in power output of 16% at noon 
for the July month. Numerical simulation results have shown that the use of cooling can partially 
compensate for this power loss. A water cooled panel with temperature reduction of 20K can improve the 
power output from 150W to 171W at midday. Such temperature drop can be achieved with water inlet 
temperature below 40 0C and velocity of 1mm/s. 
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